Understanding the actual evapotranspiration (ET) variation of the sparsely distributed xerophytic shrubs is crucial to accurately upscale community ET to ecosystem scale. Here we quantified the actual ET of two dominant xerophytic shrubs of the Tengger Desert in northwestern China, i.e.
INTRODUCTION
Evapotranspiration (ET), including soil evaporation (E) and plant transpiration (T), is a fundamental process of ecological, hydrological and atmospheric systems and a major component of water balance especially in the desert area, where ET accounts for more than 95% of precipitation.
The controlling factors of ET vary in different ecosystems, and are dynamic across intra-annual to decade time scales (Wilcox et al. ; Huxman et al. ; Ryu et al. ) .
ET is one of the most problematic components of the hydrological cycle, and is one of the most difficult variables to accurately quantify since it exhibits high spatial and temporal variability (Gebler et al. ) . (Allen et al. a, b) . The advantages of the soil water balance method are that it is not limited by time and space scales and complies with the principle of water balance. Disadvantages and challenges are that deep percolation losses or gains are difficult to measure, and that differential spatial wetting of soil due to local spatial variation in irrigation (or precipitation) additions is difficult to be obtained (Cholpankulov et al. ) . The BREB method is a practical and relatively reliable micrometeorological method with the advantage of low cost, and simple and straight forward measurements.
The numerical instability of the BREB equation, however, is evident during periods of Bowen ratio values in the vicinity of À1, and heavy reliance of the ET estimate on the accuracy and representativeness of the net radiation and soil heat flux density measurements (Allen et al. a) . The eddy covariance method is increasingly used in ET measurement because of high frequency, non-destructive, continuous direct recording (30 min), automated systems, and the ability to measure radiation, latent, sensible heat flux and CO 2 flux simultaneously. Eddy covariance has disadvantages including complex instrumentation, energy balance closure error (approximately 10-30%), and underestimation of ET (Foken ; Ding et al. ) .
A number of previous studies suggested that a large weighing lysimeter is the most accurate and reliable field method and the data are regarded as standard for actual ET measurements in desert areas which are used to provide baseline information for development, calibration, and validation of other measurement techniques (Payero & 
Shrubs measurements
The root depth was determined during the transplantation process, and it was found that both the experimental shrubs are shallow-rooted with a root depth varying between 0 and 60 cm, which concentrates within the soil profile at around 40 cm depth. The morphological traits of vegetated shrubs in lysimeters are shown in Table 1 
Actual E and ET calculations
Changes in lysimeter weight are used to quantify loss (E and ET) of water from the lysimeter soil monolith, measured by a set of three electronic sensors (load cell) for each lysimeter.
The lysimeter mass change in kg for every 30 minutes is converted to a mass equivalent relative lysimeter storage value (mm of water) by dividing it by the cross-section area of the lysimeter (4 m 2 ) and the density of water (taken as 1,000 kg m À3 ) (Marek et al. ) .
Daily E and ET were the sum of the differences between two measurements within one day. For every day period (24 h), E and ET were calculated using the following formu-
where E is evaporation from nonvegetated lysimeter (mm), ET is evapotranspiration from vegetated lysimeters (mm), P is the precipitation (mm), S is drainage loss (mm),
ΔS is the change of stored soil water in the lysimeter (mm). It should be noted that in our study, no drainage loss was observed. E and ET calculation can be simplified as:
Precipitation, water addition and meteorological Table 2 to analyze natural precipitation distribution.
RESULTS

Distribution and variability of the natural precipitation
The annual precipitation was 140 and 171 mm in 2015 and 2016, with 85 and 89%, respectively, i.e. 119 and 151 mm falling during the growing season from May to October of 26.0 ± 1.6 11.5 ± 1.3 7.9 ± 1.5 1.7 ± 0.1 3 11 22.4 ± 1.0 11.1 ± 0.7 6.6 ± 0.8 Table 2) .
Variations of E and ET They had the minimum values on the sixth day (25 May), and after that there was a slight increase.
Relationship of E, ET and precipitation
There was a significant linear relationship between the accumulative E or ET and the accumulative P in the growing season of 2015 (Figure 4(a) ) and 2016 (Figure 4(b) ), respectively. The percentages of precipitation explanation for E and ET were more than 98%. Hence, E and ET were dominated by rainfall patterns in the period from May to October. The slope of the linear regression of ET on P is larger than that of E on P.
Relationship of E, ET to environmental variables
As seen from Figure 5 , E and ET had a significant positive correlation with wind speed, solar radiation and air temperature, but a significant negative correlation with relative humidity on the daily time scale during the growing season. Wind speed is the main factor affecting E and ET on a short time scale during the growing season, interpreting around 72% of E and 71% of ET variation, which was higher than other meteorological factors. Although the daily E, ET S , ET R , and ET SþR after a large rainfall event within 8 days were significantly correlated to all meteorological factors, it was more affected by the relative humidity compared with the other climatic variables (Table 3 ). 
Relationship of E, ET with soil water content
Differences in soil water content from the consecutive soil layers within four experimental lysimeters were used to determine the wetting front. One relatively large rainfall event with a cumulative rainfall of 24.8 mm started from As seen from Table 4 , E was significantly correlated with soil moisture content at depths of 10 and 20 cm ET SþR 0.4707*** 0.5032*** 0.6677*** À0.6887*** ***Indicates significant correlation at P < 0.001; **indicates significant correlation at P < 0.01; *denotes significant correlation P < 0.05.
(P < 0.01), and 40 cm (P < 0.05). ET S was significantly correlated with soil moisture content at depths of 10 cm (P < 0.05) and 20 cm (P < 0.01). ET R was significantly correlated with soil moisture content at depths of 10 and 20 cm (P < 0.01), and 40 cm (P < 0.05). Soil moisture content at depths of 10 and 20 cm was significantly correlated with ET SþR (P < 0.01). The correlation between E, ET and soil water content at depths from 60 to 220 cm was not significant (P > 0.05).
Relationship of ET and shrubs' morphological traits
The canopy height, canopy projection area, new shoot/ branch length and LAI of S. passerina in the lysimeter #2 increased by 44, 126, 51 and 30%, respectively, from 2015 to 2016. The corresponding values for R. soongorica in lysimeter #3 were 40, 43, 50 and 37%, respectively. For the mixed community in the lysimeter #4, they were 18, 12, 34 and 15%, respectively (Table 1 ). The cumulative ET increased **Indicates significant correlation at P < 0.01; *denotes significant correlation P < 0.05. 
Effects of precipitation and environmental variables on ET
A significant correlation between accumulative E, ET and P (R 2 > 0.9786, P < 0.01) indicates that both E and ET vary with P, which was consistent with the previous findings of Wang et al. (b) . Precipitation in the study area is largely composed of small events with relatively short dry intervals, 64% precipitation events are less than 5 mm with 80% of dry intervals less than 10 days in length (Wang et al. ) . Episodic large rainfall events (>10 mm) accounted for only 4 and 7% of the total precipitation event in 2015 and 2016, and the amount of large precipitation events accounted for 31 and 38% of the total precipitation in the growing season. Large precipitation events sharply increased E and ET on the daily time scale, especially E, then led to larger annual E and ET as our results indicate (Figures 2 and 3 ). Due to low canopy coverage, more incident radiation transmitted to the bare soil resulted in greater soil evaporation after large rainfall events (Zhang et al. ) . On the other hand, they can elevate the soil passerina and R. soongorica communities will increase ET.
Moreover, higher E/P suggested the relatively important contribution of soil evaporation to ET in the water-limited arid desert ecosystems. Our findings highlighted that research into ET trends for S. passerina and R. soongorica communities is particularly important in the desert region of northwest China. Furthermore, an in situ, long-term continuous study of ET by large weighing lysimeters can also lead to sufficient data for validation of ET model simulation.
